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Description 

[0001] The present invention relates generally to the 
field of ink-jet printing and, more particularly, to the de- 
livery of ink to ink-jet print heads. 
[0002] Ink-jet technology is relatively well developed. 
The basics of this technology are described by W.J. 
Lloyd and H.T Taub in "Ink-Jet Devices," Chapter 13 of 
Ouput Hardcopy Devices (Ed. R.C. Durbeck and S. 
Sherr, Academic Press, San Diego, 1 988) and in various 
articles in the Hewlett-Packard Journal, Vol. 36, No. 5 
(May 1985), Vol. 39, No. 4 (August 1988), Vol. 39, No 
5. (October 1988), Vol. 43, No. 4, (August 1992), Vol. 
43, No.6 (December 1 992) and Vol. 45. No. 1 (February 
1994). 

[0003] The typical thermal ink-jet print head has an 
array of precisely formed nozzles attached to a print 
head substrate that incorporates an array of firing cham- 
bers that receive liquid ink (i.e., colorants dissolved or 
dispersed in a solvent) from an ink reservoir. Each 
chamber has a thin-film resistor, known as a "firing re- 
sistor", located opposite the nozzle so ink can collect 
between it and the nozzle. When electric printing pulses 
heat the thermal ink-jet firing resistor, a small portion of 
the ink near it vaporizes and ejects a drop of ink from 
the print head. The nozzles are arranged in a matrix ar- 
ray. Properly sequencing the operation of each nozzle 
causes characters or images to form on the paper as 
the print head moves past the paper. 
[0004] Air trapped in print cartridges is a continual 
problem in need of improved solutions. 
In the past, the accumulation of air in print cartridges 
was mainly ignored because the cartridges were large 
and could easily warehouse the air and because the car- 
tridges had short operating lives and significant 
amounts of air did not accumulate during that life. How- 
ever, in today's advanced print cartridge designs the 
passage ways, particle filters, orifices, and conduits 
have become smaller and smaller. With these smaller 
dimensions air and air bubbles tend to block the flow of 
ink through the print cartridge and cause the nozzles not 
to eject ink. This leads to failure of the print cartridge 
and to require its premature replacement. 
[0005] Air becomes entrapped in print cartridges from 
a plurality of sources. Initially, air is present because it 
was not fully purged during manufacturing. Secondly, air 
bubbles may have been present during assembly in the 
ink tubes connecting the print head with the ink reser- 
voir. After manufacture and for the life of the print car- 
tridge, any dissolved air in the ink comes out of solution 
as bubbles. Further, air permeates into the print car- 
tridge through the ink containment materials. Finally, in 
some circumstances air may be ingested into the print 
cartridge through the nozzles. 

[0006] For a myriad of reasons the presence of air and 
air bubbles in ink-jet print cartridges which was previ- 
ously ignored now dictates that air management be- 
come one of the factors influencing modern ink-jet car- 



tridge design. 

[0007] One system for removing air from an ink-jet 
print cartridge is described in US Patent 4,968,998 to 
Allen issued on November 6, 1990. 
5 [0008] JP-A-631 45039 discloses a method for pre- 
venting an ink drip jetting in an ink-jet recorder by pro- 
viding a deaerating chamber between an ink-jet head 
and an ink supply head. 

When dissolved air is to be deaerated, valves are closed 
10 so that a deaerating chamber is isolated from the out- 
side, and by means of a pump, the pressure in the de- 
aerating chamber is rapidly lowered so that the dis- 
solved air in the ink generates bubbles to be deaerated. 
[0009] GB-A-2,202,799 discloses an ink-jet recording 
15 head having an ink chamber and an air chamber com- 
municating with the ink chamber to collect air bubbles 
from the ink chamber. The air chamber is a collapsable 
sack wherein specific means are provided for collapsing 
same when priming the system with ink. When the sack 
is subsequently allowed to relax, any remaining bubbles 
are withdrawn into it. 

[0010] Starting from this prior art, it is the object un- 
derlying the present invention to provide an improved 
ink-jet system enabling the removal of air from a car- 
tridge and having a simple structure. 
[001 1 ] This object is achieved by an ink-jet system ac- 
cording to claim 1. 

[0012] Briefly and in general terms, an apparatus ac- 
cording to the present invention includes a predeter- 
mined collection area for air within a print cartridge. Air 
is removed from this area by a conduit that draws off the 
air either through the print head or through a conduit in 
a wall of the print cartridge. 

[0013] Other aspects and advantages of the invention 
will become apparent from the following detailed de- 
scription, taken into conjunction with the accompanying 
drawings, illustrating by way of example the principles 
of the invention. 

[0014] Figure 1 is a diagrammatic, perspective view 
of an ink-jet printer according to the present invention. 
[001 5] Figure 2 is an exploded, perspective view of a 
portion of the print cartridge of Fig. 1 . 
[001 6] Figure 3 is an exploded, perspective view of a 
second portion of the print cartridge of Fig. 1 . 
[0017] Figure 4 is a side elevation view, in cross sec- 
tion taken along lines 4 - 4 and 4* - 4' in Figs. 2 and 3 
respectively, illustrating the normal operating position of 
the pressure regulator. 

[0018] Figure 5 is a side elevation view, in cross sec- 
tion taken along lines 4-4 and 4' - 4' in Figs. 2 and 3 
respectively, illustrating the opening of the orifice of the 
pressu re regulator to allow the entry of ink into the hous- 
ing of the print cartridge. 

[0019] Figure 6 is a side elevation view, in cross sec- 
tion taken along lines 4 - 4 and 4' - 4' in Figs. 2 and 3 
respectively, illustrating the accumulator accommodat- 
ing changes in the volume of ink. 
[0020] Figure 7 is a side elevation view, in cross sec- 
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tion taken along lines 4 - 4 and 4* - 4' in Figs. 2 and 3 
respectively, illustrating the service station drawing air 
down the snorkel and out of the print head. 
[0021] Figure 8 is a side elevation view, in cross sec- 
tion taken along lines 4 - 4 and 4* - 4* in Figs. 2 and 3 5 
respectively, illustrating the service station drawing air 
down the snorkel and out of the print head as the orifice 
of the pressure regulator opens to allow the entry of ink 
into the housing of the print cartridge. 
[0022] Figure 9 is a side elevation view, in cross sec- 10 
tion, of a print cartridge. 

[0023] As shown in the drawings for the purposes of 
illustration, the invention is embodied in a method and 
apparatus for removing air from a print cartridge using 
a conduit in fluid communication with a predetermined 15 
collection area for air in the print cartridge. 
[0024] Referring to Fig. 1 , reference numeral 1 2 gen- 
erally indicates a printer including a print cartridge 14 
that ejects drops 1 6 of ink on command. The drops form 
images on a printing medium 1 8 such as paper. The 20 
printing medium is moved past the print cartridge 14 by 
two print rollers 20, 20' and a motor 21 that engages the 
printing medium. The print cartridge is moved back and 
forth across the printing medium by a drive belt 23 and 
a motor 24. The print cartridge contains a plurality of 25 
firing resistors, not shown, that are energized on com- 
mand by an electrical circuit 26. The circuit sequentially 
energizes the firing resistors in a manner so that as the 
print cartridge 14 moves laterally across the paper and 
the paper moved by the rollers 20, 20', the drops 1 6 form 30 
images on the printing medium 18. 
[0025] Referring to Fig. 1 , ink is supplied to the print . 
cartridge 14 from an ink reservoir 30. The ink reservoir 
is stationary and may be either flaccid or pressurized. 
The ink is supplied from the reservoir by an integral con- 35 
nector 32 that is removably attached to a conduit 34 by 
a double acting valve 36. The connector 32 allows the 
reservoir to be replaced when the ink supply is exhaust- 
ed. The ink in the reservoir is maintained at a pressure 
sufficient to maintain the flow of ink through the conduit 40 
34 necessary to meet the maximum ink flow require- 
ments of the print cartridge (which could be from -4,98 
kPa to + 24,92 kPa (-20 inches to +1 00 inches of water)). 
This pressure also depends on the diameter and length 
of the conduit 34. The conduit has a generally helical 45 
shape to accommodate the motion of the print cartridge 
14 with respect to the ink reservoir 30. When the con- 
nector is separated from the conduit, the double acting 
valve 36 simultaneously shuts both openings so that air 
is not ingested into the system. Likewise when the con- so 
nector is fitted to the conduit, the double acting valve 
simultaneously opens both the connector 32 and the 
conduit 34 to allow fluid communication of the ink be- 
tween the ink reservoir 30 and the print cartridge 1 4 with- 
out ingesting air into the system. 55 
[0026] The conduit 34, Fig. 1 terminates in a particle 
filter 37 that collects any material that could clog the print 
cartridge 1 4 during operation. The filter is located on the 



high pressure side of a ink pressure regulator 60 (Fig. 
2) so that if any air is ingested in the reservoir 30, at the 
double acting valve 36 or in the conduit 34, the higher 
pressure will force the air to flow into the print cartridge 
and not become caught up in the filter and impede the 
ink flow. 

[0027] The printer 12, Fig. 1, also includes a service 
station 40 that can draw a vacuum on the nozzles, not 
shown, on the print cartridge 14. The service station in- 
cludes a deformable cup 42 that engages and seals 
against the nozzles. The cup is connected to a source 
of vacuum 44 by a valve 45. The service station oper- 
ates by directing the print cartridge 14 over the cup 42 
where a vacuum in drawn on the nozzles and the ink is 
sucked through the nozzles and out of the print car- 
tridge. 

[0028] The print cartridge 14 of Fig. 1 is shown in two 
exploded views in Figs. 2 and 3. The print cartridge in- 
cludes a top plate 47 (Figs. 4 and 6), that is formed from 
two contiguous, over-lapping flat panels 50, 50*. The 
panels form an interior hollow passage 54 for the ink 
within the top plate. This passage receives an intake 
tube 48, terminates at an orifice 49, Figs. 4-6, and dis- 
tributes ink into the print cartridge. The upper panel 50 
of the top plate contains a small vent 53 that communi- 
cates with the atmosphere. The lower panel 50* contains 
a circular opening 51 of substantially larger diameter 
than the vent 53 in the upper panel 50. Sandwiched and 
sealed between the panels 50. 50' is a diaphragm 52 
that forms a fluid tight seal across the circular opening 
51 , Figs. 4-6. The peripheral margin of the diaphragm 
52 is sealed against both air and ink. The diaphragm 
can be fabricated from either thin polyethylene plastic 
or polyvinyldene fluoride so that the diaphragm is imper- 
vious to both air and ink. The diaphragm is deformable 
and flexible and may be either resilient or not. When a 
pressure difference is developed across the surface of 
the diaphragm , the diaphragm expands into the print 
cartridge as illustrated in Figs. 4 -6. The upper side of 
the diaphragm is continuously exposed to atmospheric 
pressure through the vent 53, 

[0029] Referring to Figs. 2 and 5, reference numeral 
60 generally indicates a pressure regulator that sup- 
ports the diaphragm 52 and regulates the pressure of 
ink supplied into the print head 14. The pressure regu- 
lator includes a lever 62 that rotates about an axle 64 
that is supported from two supports 66. The supports 
are mounted on the underside of the lower panel 50' of 
the top plate 47. The lever also includes an integral arm 
68 that contains a valve seat 70 for the ink orifice 49 
having ink outlet 149. The valve seat is a flattened, pla- 
nar surface of room temperature vulcanizing silicone 
(RTV) and is counter sunk into the surface of the integral 
arm 68. The lever is aligned so that when the lever 62 
is parallel with the plane of the top plate 47, the valve 
seat 70 is seated and ink orifice 49 is thereby shut as 
illustrated in Fig. 4. 

[0030] The lever 62, Fig. 2 engages the diaphragm 52 
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with a piston 75 and an accumulator spring 74. The ac- 
cumulator spring 74 is mounted in a circular depression 
72 in the lever so that the spring does not move off of 
the lever 62. The piston is attached to the spring 74 and 
is held in place by a peripheral, concave engaging sur- 
face 76. Referring to Figs. 4, 5, and 6, the accumulator 
spring 74 is designed so that a differential pressure 
across the diaphragm 52 can cause the diaphragm to 
flex and the piston 75 to move reciprocally up and down 
without moving the lever 62 and opening the ink inlet 
valve 49, 70. In Fig. 4 the diaphragm 52 is contracted 
slightly downward or is more concave in shape. In Fig. 
6 the diaphragm is contracted slightly upward or is more 
planer in shape. The illustrated motion shows a portion 
of the wall of the ink containment moving and pushing 
any air bubbles that may be present toward the air col- 
lection area 98 of the print cartridge. This is an important 
aspect of air management within the print cartridge. 
[0031] In Fig. 5 the ink valve 49, 70 opens when the 
piston 75 is forced sufficiently downward by the dia- 
phragm to bottom out against the lever 62 and to me- 
chanically cause its motion. The lever 62 is supported 
within the print cartridge 14 by a pressure setting spring 
78. 

The pressure setting spring 78 is designed so that its 
force on the lever 62 is equal to the opening force or 
cracking force on the ink valve 49, 70. The pressure 
thereby developed is PO or the cracking pressure of the 
regulator. The force of the pressure setting spring is set 
to be equal to the area of the diaphragm 52 that is un- 
covered by the opening 51 , Fig. 2, multiplied by the pres- 
sure difference between atmospheric pressure and the 
pressure of the ink supplied to the print head 86, Fig. 5. 
Typically, this differential pressure is approximately 
-0,75 kPa (minus three inches (-3") of water). The pres- 
sure setting spring 78 is also preloaded so that the force 
on the lever 62 is essentially constant over the travel of 
the lever. Such a constant spring force causes the mo- 
tion of the lever to be large for any given change in the 
cracking pressure. In other words, a small change in 
pressure will cause a large movement in the lever. The 
net result is that when the valve seat 70 is moved off the 
valve nozzle 49 by a distance equal to approximately 
the radius of the nozzle 49, the valve will open to full 
flow condition. 

[0032] Referring to Fig. 3, the print cartridge 1 4 further 
includes a housing 82 that receives the top plate 47 in 
a step 83 formed in the end of the side walls of the hous- 
ing. The housing and the top plate together comprise 
the ink containment for the print head 86. The ink con- 
tainment includes a main ink chamber 85 and a plenum 
91 (Figs. 4-9), also generally known in the out as an ink 
accumulation chamber, described below. The ink con- 
tainment as well as the conduit 34, Fig. 1 , and the ink 
reservoir 30 are fabricated from materials that are im- 
pervious to both air and ink such as poly sulphone, pol- 
yvinylidene fluoride, and liquid crystal polymers. 
[0033] In the bottom wall of the housing 82 are a plu- 



rality of ink feed slots 84 that allow the ink to flow to the 
print head 86. The print head is a semiconductor sub- 
strate on to which are placed the firing chambers, the 
firing resistors, and the orifice plate in the conventional 
5 manner. The print head is mounted on a flexible con- 
ductor 87 by tab bounding and electrical signals to the 
firing resistors are established through the conductors 
88, Figs. 1 and 3. When the print head is ejecting drops 
of ink, it is in effect pumping the ink out of the print car- 
10 tridge and the pressure regulator 60 strives to develop 
and maintain a pressure P0. In the plenum, due to flow 
induced pressure drops, a lower pressure of P1 exists 
(slightly more negative that P0). 
[0034] The print cartridge 1 4 is designed to entrap and 
15 to warehouse any air in the cartridge in the area 98. Air 
and air bubbles rise vertically to the top of the print car- 
tridge to the predetermined area 98. Air is thus stored 
in an out of the way location so that air and air bubbles 
do not interfere with the f low of ink during printing. 
[0035] Referring to Fig. 3, reference numeral 90 gen- 
erally indicates a primming assembly for removing air 
from the interior of the print cartridge 14. The priming 
assembly includes four side walls 92 and a top wall 93 
that form a plenum 91 around the print heed 86 
These walls also support the pressure setting spring 78 
above the bottom wall of the housing 82. The top wall 
93 includes two conduits that both communicate with the 
plenum 91. A flow orifice 94, or aparture through wall 
93, 94 communicates between the main ink chamber 85 
and the plenum 91. A snorkel 95 having an inlet 196 
adjacent plenum 91 and a distal inlet 96 connects the 
plenum 91 with the area 98 in the print cartridge where 
air is collected. The flow orifice 94 is sized so that during 
all printing operations the ink flows to the print head 86 
through the orifice 94 and not through the snorkel 95. 
The orifice is sized so that when printing at maximum 
ink flow, the orifice has a pressure drop through it that 
is less than the height L of snorkel 95. In one embodi- 
ment actually constructed the flow orifice 94 had a di- 
ameter of 0,1 cm (forty thousands of an inch (0.040")) 
and the snorkel 95 had an inside diameter of 0,2 cm 
(eighty thousands of an inch (0.080")). 
[0036] The priming assembly 90, Fig. 7, cooperater 
with the service station 40 described above which can 
engage and seal the print head 86. The service station 
develops a differential pressure P2 - P0 across the ple- 
num and draws ink out through the print head 86 at a 
much higherflow rate than during any printing operation. 
The flow orifice 94 is sized so that under this high ink 
flow condition, such a large pressure drop is developed 
across the flow orifice 94 that the ink and air in the top 
area 98 of the print cartridge are drawn down the snorkel 
95 and out the print head 86 as illustrated in Fig. 7. 
[0037] In operation, the ink reservoir 30, Fig. 1 and 
the print cartridge 14 are initially filled with ink and 
sealed. The ink conduit 34 may or may not be filled with 
ink. To begin, the ink reservoir 30 is connected to the ink 
conduit 34 by the double acting valve 36. When the print- 
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er 12, Fig. 1, commands the print cartridge 14 to com- 
mence ejecting drops 16, Fig.1, ink flows through the 
conduit 34 and any air in the conduit flows into the print 
cartridge and becomes trapped in the top area 98 of the 
housing. As illustrated in Fig. 4, at this point the print 5 
cartridge has a slight air bubble or layer in the top area 
98 of the housing, the ink orifice 49 is shut by the lever 
62, the diaphragm 52 is slightly concave, and any ink 
flow to the print head 86 is passing through the flow or- 
ifice 94, 10 
[0038] Turning to Fig.5, the print head 86 continues 
to eject drops of ink on command from the printer, the 
pressure of the ink in the print cartridge 14 starts to drop. 
The differential pressure across the plenum 91 goes 
more negative. The diaphragm 52 becomes more con- *s 
cave due to differential pressure between atmospheric 
pressure in the vent 53 and the pressure in the main in 
chamber 85. This drop in pressure continues until the 
piston 75, Fig. 5, bottoms out against the lever 62 and 
then the diaphragm forces the piston to move the lever 20 
and to open the orifice 49 as illustrated in Fig. 5. This is 
rotational motion of the lever 62 around the axle 64, Fig. 
5. The point at which the orifice 49 opens is the "cracking 
pressure" and is determined by the pressure setting 
spring 78. Ink then flows into the print cartridge 1 4, the 25 
pressure is in the print cartridge is restored, and any air 
is collected in the area 98. When the differential pres- 
sure across the diaphragm 52 decreases due to the in- 
flow of the ink, the piston 75 allows the lever to shut the 
orifice 49 and the flow of ink into the print cartridge stops. 30 
[0039] In the immediately above described process, 
the ink flow path through the print cartridge is first into 
the intake tube 48 of the top plate 47, Fig. 2, through the 
passage 54, Fig. 2, out the orifice 49, Fig. 5, into the 
main ink chamber 85, through the flow orifice 94, into 35 
the plenum 91 , and out the print head 86. 
[0040] If the temperature of the print cartridge goes 
up due, for example, to operation of the print head, this 
could cause either the pressure of the ink in the housing 
82 to rise or the volume of ink to increase. As discussed 40 
above, a wall portion of the ink containment moves to 
accommodate this increase in temperature. The dia- 
phragm 52 flexes upward as illustrated in Fig. 6 and be- 
comes more planer to maintain the pressure within the 
housing constant. If there is a decrease in temperature, 45 
the diaphragm flexes downward and becomes more 
concave to maintain constant pressure. This is relative 
motion between the piston 75 and the lever 62 and is 
permitted by the accumulator spring 74. The lever 62 is 
remains stationary and is unaffected by such tempera- so 
ture excursions. 

[0041 ] To remove air trapped in the top area 98 of the 
print cartridge 14, the print cartridge is purged using the 
service station 40. Referring to Figs. 7 and 8, a source 
44 of vacuum is applied to the nozzles of the print head 55 
86, a pressure P2 is developed in the plenum 91 , and a 
very high ink flow rate is induced through the print car- 
tridge. Any air in the print cartridge is drawn down the 



snorkel 95 as illustrated in Fig. 7 instead of through the 
flow orifice 94 because of the small size of the flow ori- 
fice and the large pressure drop across it. The volume 
of air drawn down the snorkel and out of the housing is 
replaced by a fluid volume of ink because the differential 
pressure in the housing drops and the orifice 49 opens 
as illustrated in Fig. 8. The result is to rapidly prime the 
print cartridge with ink and to remove the air from the 
system. 

[0042] In the immediately above described process, 
the flow path of air and ink is from the predetermined air 
collection area 98, through the inlet 96, down the snorkel 
95, into the plenum 91, out the print head 86, and into 
the service station 40. 

[0043] It is contemplated that while there are a plural- 
ity of ways to remove air from the system using a source 
of vacuum, care should also be taken to minimize the 
amount of ink removed during the air removal process. 
Any excess ink so removed is ink unavailable for print- 
ing, and any ink so removed now needs itself to be ware- 
housed. To minimize the removal of ink while removing 
air, a piston can be applied to the nozzles to draw down 
only a predetermined volume of the print cartridge. This 
would automatically limit the volume of ink and air re- 
moved from the print cartridge. As an alternative the 
source of vacuum could be timed with either a cam or 
clock to limit the application of vacuum to the nozzles. 
[0044] It should be appreciated that there is a first 
conduit, the snorkel 95, Fig. 4, that communicates with 
the predetermined collection area 98 for air and a sec- 
ond conduit that contains the flow orifice 94 which com- 
municates between the main ink chamber 85 and the 
plenum 91 . Further, when a differential pressure P1 - P0 
is developed across the plenum by the pressure regu- 
lator 60 and the print head 86, ink is directed through 
the ink flow path in the print cartridge including the sec- 
ond conduit. When a differential pressure P2 - P0 is de- 
veloped across the plenum by the service station 40, 
Fig. 7, air from the collection area is removed from the 
print cartridge through the first conduit. Thus, by selec- 
tively altering the differential pressure across the ple- 
num 91 between P1 - P0 and P2 - P0, the flow of fluid 
within the print cartridge is selectively shifted between 
the first and second conduits. 

[0045] Referring to Fig. 9, reference numeral 1 4* gen- 
erally indicates another cartridge. The conduit that com- 
municates with the predetermined air collection area 98 
is a conduit 1 02 that passes through a wall of the main 
ink chamber 85, This conduit contains a check valve 1 04 
or "duck billed" valve that prevents the entry of air into 
the print cartridge. This conduit also is connectable to a 
source 44' of vacuum for drawing off the air from the air 
collection area. 



Claims 

1. An ink-jet system, including an ink reservoir (30) 
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coupled to an ink-jet cartridge (14) and having an 
apparatus (40) for removing air from the ink-jet car- 
tridge (14), comprising: 

an ink-jet cartridge housing (82) having two 5 
chambers (85,91) for containing liquid ink 
therein; 

a print head (86) mounted to a bottom region of 
said housing (82); io 

the first ink chamber (85) within said housing 
(82) having a predetermined collection area 
(98) for air within said housing (82) at a top re- 
gion of said first ink chamber (85); ^ 

means (34) for transferring ink from said ink 
reservoir (30) to said cartridge (14); 

the second ink chamber (91 ) within said hous- 20 
ing (82) forming a plenum subjacent said first 
ink chamber (81) and superjacent said print 
head (86) and fluidically connected to said first 
chamber (85) for receiving ink therefrom; 

25 

a conduit (95) mounted within said housing (82) 
and coupling said plenum (91 ) with said air col- 
lection area (98) by having a first end reaching 
into said plenum (91) and a second end within 
said air collection area (98); and 30 

air drawing means (42,44,45) selectively con- 
nectable to 

the housing (82) for drawing off the air from the 35 
collection area (98) so that air is removed from 
the cartridge (1 4). 

The system of claim 1, wherein the air drawing 
means (42,44,45) removes air from the cartridge 40 
(14) by drawing the air through the print head (86). 

The system of claim 2, wherein the air drawing 
means (42,44,45) is a service station connectable 
to the print head (86) for drawing a vacuum thereon . 

The system of claim 3, wherein said means for 
transferring ink further comprises an ink conduit 
(34) containing a check valve for preventing entry 
of air into the cartridge (14) through the ink conduit so 
(34). 

The system of any of claims 1 to 4, further compris- 
ing a wall member (52) in the cartridge (82) that 
moves and thereby pushes air into the air collection 55 
area (98) of the cartridge (14). 

The system of any of claims 1 to 5, wherein 



said print cartridge (14) has a pressure P0 
therein; 

said conduit (95) is vertical and of a predeter- 
mined height L; 

an aperture (94) is provided between said first 
ink chamber (81) and said second chamber 
(91 ), said aperture (94) having a geometric con- 
figuration such that a pressure drop across said 
aperture under a maximum ink flow condition 
during printing is less than a pressure head de- 
termined by the predetermined height of the 
vertical conduit (95); 

a differential pressure P1-P0 is developed 
across the second ink chamber (9 1 ) for the print 
head (80); and 

said air drawing means (42,44,45) develops a 
differential pressure P2-P0 across the second 
ink chamber (91 ) so that when differential pres- 
sure P 1 -P0 is developed across the second ink 
chamber (91), ink flows through the aperture 
(94) and does not flow through the vertical con- 
duit (95) and when differential pressure P2-P0 
is developed across the second ink chamber 
(91 ), air is drawn down the vertical conduit (95) 
and is removed. 

7. The system of claim 6, wherein 

P1 -P0 is within a range of pressures of between 
about zero (0) kPa (zero inches (0") of water) 
and a pressure head less than a pressure head 
established by the predetermined height of the 
vertical conduit (95); and 

P2-P0 is a pressure head greater than a pres- 
sure head established by the predetermined 
height of the vertical conduit (95). 



Patentanspruche 

1. Tintenstrahlsystem, das ein Tintenreservoir (30) 
umfaBt, welches mit einer Tintenstrahlkartusche 
(14) gekoppelt ist und eine Vorrichtung (40) zum 
Entfernen von Luft aus der Tintenstrahlkartusche 
(14) aufweist, mit folgenden Merkmalen: 

einem Tintenstrahlkartusche-Gehause (82) mit 
zwei Kammern (85, 91) zum Halten von flussi- 
gerTinte in denselben; 

einem Druckkopf (86), der an einem unteren 
Bereich des Gehauses (82) angebracht ist; 
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wobei die erste Tintenkammer (85) innerhalb 
des Gehauses (82) einen vorbestimmten Sam- 
melbereich (98) fur Luft innerhalb des Gehau- 
ses (82) in einem oberen Bereich der ersten 
Tintenkammer (85) aufweist; s 

einer Einrichtung (34) zum Obertragen von Tin- 
te aus dem Tintenreservoir (30) in die Kartu- 
sche (14); 

10 

wobei die zweite Tintenkammer (91) innerhalb 
des Gehauses (82) ein Plenum bildet, das unter 
der ersten Tintenkammer (81) liegt, und das 
iiber dem Druckkopf (86) liegt und fluidmaBig 
mit der ersten Kammer (85) verbunden ist, urn 15 
Tinte aus derselben zu empfangen; 



die Leitung (95) vertikal ist und eine vorbe- 
stimmte Hone L aufweist, 

zwischen der ersten Tintenkammer (81) und 
derzweiten Kammer (91) eine Offnung vorge- 
sehen ist, wobei die Offnung (94) eine geome- 
trische Anordnung aufweist, so daB unter einer 
Bedingung eines maximalen Tintenflusses 
wahrend eines Druckens ein Oruckabfall uber 
die Offnung kleiner als eine Druckhohe ist, die 
durch die vorbestimmte Hone der vertikalen 
Leitung (95) bestlmmt ist, 

ein Differenzdruck P1-P0 uber die zweite Tin- 
tenkammer (91) fur den Druckkopf (80) entwik- 
kelt wird, und 



einer Leitung (95), die innerhalb des Gehauses 
(82) angebracht ist und das Plenum (91) mit 
dem Luftsammelbereich (98) koppelt, indem 20 
sie ein erstes Ende, welches in das Plenum 
(91 ) reicht, und ein zweites Ende innerhalb des 
Luftsammelbereiches (98) aufweist; und 

einer Luftabzieheinrichtung (42, 44, 45) die se- 25 
lektiv mit dem Gehause (82) verbindbar ist, um 
die Luft aus dem Sammelbereich (98) abzuzie- 
hen, so daB Luft aus der Kartusche (14) ent- 
femt wird. 

30 

System gemaB Anspruch 1 , bei dem die Luftabzieh- 
einrichtung (42, 44, 45) Luft aus der Kartusche (14) 
entfemt, indem sie die Luft durch den Druckkopf 
(86) zieht. 

35 

System gemaB Anspruch 2, bei dem die Luftabzieh- 
einrichtung (42, 44, 45) eine Wartungsstation ist, 
die mit dem Druckkopf (86) verbindbar ist, um an 
denselben ein Vakuum anzulegen. 

40 

System gemaB Anspruch 3, bei dem die Einrichtung 
zum Ubertragen von Tinte ferner eine Tintenleitung 
(34) aufweist, die ein Absperrventil zum Verhindern 
eines Eintrittes von Luft in die Kartusche (14) durch 
die Tintenleitung (34) umfaBt. 

System gemaB einem der Anspruche 1 bis 4, das 
ferner bei der Kartusche (82) ein Wandbauglied 
(52) aufweist, das bewegbar ist, und dadurch Luft 
in den Luftsammelbereich (98) der Kartusche (14) so 
drucken kann. 

System gemaB einem der Anspruche 1 bis 5, bei 
dem 

55 

die Druckkartusche (14) einen Druck P0 in sich 
aufweist, 



die Luftabzieheinrichtung (42, 44, 45) einen 
Differenzdruck P2-P0 uber die zweite Tinten- 
kammer (91) entwickelt, so daB, wenn der Dif- 
ferenzdruck P1-P0 iiber die zweite Tintenkam- 
mer (91) entwikkelt wird, Tinte durch die Off- 
nung (94) flieBt und nicht durch die vertikale 
Leitung (95) flieBt, und wenn ein Differenzdruck 
P2-P0 uber die zweite Tintenkammer (91) ent- 
wickelt wird, Luft durch die vertikale Leitung 
(95) hinunter gezogen und entfemt wird. 

7. System gemaB Anspruch 6, bei dem 

P1-P0 innerhalb eines Druckbereiches zwi- 
schen ca. Null (p) kPa (Null Zoll (0 n ) Wasser) 
und einer Druckhohe liegt, die geringer als eine 
Druckhohe ist, die durch die vorbestimmte Ho- 
he der vertikalen Leitung (95) eingefuhrt wird, 
liegt, und 

P2-P0 eine Druckhohe ist, die groBer als eine 
Druckhohe ist, welches durch die vorbestimmte 
Hohe der vertikalen Leitung (95) eingefuhrt 
wird. 



Revendications 

1. Systeme a jet d'encre comprenant un reservoir 
d'encre (30) raccorde a une cartouche a jet d'encre 
(14) et ayant un dispositif (40) destine a evacuer 
fair de la cartouche a jet d'encre (14), comprenant : 

un boTtier (82) de cartouche a jet d'encre pos- 
sedant deux chambres (85, 91) destinees a 
contenir interieurement de I'encre liquide ; 
unetete d'impression (86) montee dans une re- 
gion basse dudit boitier (82) ; 
la premiere chambre a encre (85) contenue 
dans ledit boTtier (82) ayant une zone collectri- 
ce predeterminee (88) pour fair a I'interieurdu- 
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dit boitier (82) dans une region haute de ladite 
premiere chambre a encre (85); 
des moyens (34) destines a transferer de I'en- 
cre dudit reservoir d'encre (30) a ladite cartou- 
che (14); 

la deuxieme chambre a encre (91) contenue 
dans [edit boitier (82) formant une chambre de 
tranquillisation placee sous ladite premiere 
chambre a encre (81) et au-dessus de ladite 
tete d'impression (86) et reliee fluidiquement a 
ladite premiere chambre (85) pour en recevoir 
de I'encre ; 

un conduit (95) monte dans ledit boTtler (82) et 
raccordant ladite chambre de tranquillisation 
(91 ) a ladite zone collectrice d'air (98) par le fait 
qu'il a une premiere extremite qui penetre dans 
ladite chambre de tranquillisation (91) et une 
deuxieme extremite situee dans ladite zone 
collectrice d'air (98); et 

des moyens d'aspiration d'air (42, 44, 45) qui 
peuvent s6lectivement etre relies au boitier 
(82) pour aspirer de Pair de la zone collectrice 
(98), de maniere que de I'airsoit evacue de la 
cartouche (14). 

Systeme selon la revendication 1 , dans lequel les 
moyens d'aspiration d'air (42, 44, 45) evacuent de 
Pair de la cartouche (14) en aspirant Pair a travers 
la tete d'impression (86). 

Systeme selon la revendication 2, dans lequel les 
moyens d'aspiration d'air (42, 44, 45) sont une sta- 
tion d'entretien pouvant etre reliee a la tete d'im- 
pression (86) pour y appiiquer un vide. 

Systeme selon la revendication 3, dans lequel les- 
dits moyens destines a transferer de I'encre con- 
tiennent en outre un conduit d'encre (34) qui con- 
tie nt un clapet antiretour destine a eviter que de fair 
ne penetre dans la cartouche (14) en passant par 
le conduit d'encre (34). 
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une configuration geometrique telle qu'une per- 
te de charge a travers ladite ouverture dans une 
situation d'ecoulement d'encre maximum pen- 
dant I'impression soit plus petite qu'une hauteur 
de charge hydrostatique determined par la hau- 
teur predeterminee dudit conduit vertical (95); 
une pression differentielle P1-P0 est develop- 
pee a travers la deuxieme chambre a encre 
(91) pour la tete d'impression (80) ; et 
lesdits moyens d'aspiration d'air (42, 44, 45) 
developpent une pression differentielle P2-P0 
a travers la deuxieme chambre a encre (91 ), de 
sorte que, lorsque la pression differentielle 
P1-P0 est developp6e a travers la deuxieme 
chambre a encre (91 ) , de I'encre s'ecoule a tra- 
vers Pouverture (94) et ne s'ecoule pas par le 
conduit vertical (95) et que, lorsque la pression 
differentielle P2-P0 est developp6e a travers la 
deuxieme chambre a encre (91 ), de Pair est as- 
pire le long du conduit vertical (95) et est eva- 
cue. 

7. Systeme selon la revendication 6, dans lequel 

P1 -P0 est dans un intervalle de pressions cfen- 
tre environ zero (0) kPa (zero pouce (0") d'eau) 
et une hauteur de charge statique inferieure a 
une hauteur de charge statique gtablie par la 
hauteur pr6d6terminee du conduit vertical (95); 
et 

P2-P0 est une hauteur de charge statique su- 
perieure a une hauteur de pression statique 
etablie par la hauteur predeterminee du conduit 
vertical (95). 



Systeme selon une quelconque de revendications 
1 a 4, comprenant en outre un element de paroi (52) 
place dans la cartouche (82), qui se deplace et, par 
ce moyen, refoule de Pair dans la zone collectrice 
d'air (98) de la cartouche (1 4). 
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6. Systeme selon une quelconque des revendications 
1 a 5, dans lequel 



50 



ladite cartouche d'impression (14) a interieure- 
ment une pression PO ; 

ledit conduit (95) est vertical et d'une hauteur 
predeterminee L; 

une ouverture (94) est menagee entre ladite 
premiere chambre a encre (81 ) et ladite deuxie- 
me chambre (91), ladite ouverture (94) ayant 



55 



8 



EP 770 490 



Page 9 of 14 



EP 0 770 490 Bl 




FIG. t 



9 



BP 770.490 _ , Page 10 of 14 



EP 0 770 490 B1 




FIG. 2 



10 



EP .770490 ^ _ _ _ _ _ Page 11 of 14 



EP 0 770 490 B1 




EP 0 770 490 B1 



51 52 ,53 70 49 64n 98 



47^ 48 




86 94 85 
75^52 53 N 70x49 66^ 64 47-v 50 




12 



EP 0 770 490 B1 




13 



EP 0 770 490 B1 




FIG. 9 



14 



